The aim of this study is to characterize the baseline fretting behavior of Ti-6Al-4V on Ti-6Al-4V in point contact. The displacement amplitudes span the partial slip, mixed fretting, and gross slip fretting regimes. Surface cracks are only observed when the displacement amplitude is near the transition between partial and gross slip regimes.
INTRODUCTION
The degradation due to fretting can be understood through the use of fretting maps as shown in Fig. 1 [1] . The running condition fretting map describes the nature of the evolution of the friction force-displacement hysteresis. Three major regimes exist: partial slip regime (PSR), mixed fretting regime (MFR), and gross slip regime (GSR). In the mixed fretting regime [2] , the friction force-displacement begins in gross slip and later transitions to partial slip with a commensurate increase in the friction force. The material response fretting map shows the nature of the damage generated in the fretting scar. Crack formation occurs in a range of intermediate displacement amplitudes. Cracks typically form near the trailing edge of the contact where the cyclic tangential stress in the surface layer is the greatest.
Fretting cracks form by a ratcheting of plastic strain mechanism [3] . Crystallographic orientation and texture in polycrystalline materials play a key role in the accumulation of plastic strain and the subsequent crack formation. Work is ongoing at Georgia Tech to develop models that explicitly capture this role of microstructure with the ultimate goal of developing and validating new computational materials design tools for designing surfaces and coatings for fretting and sliding contacts.
A new test system to generate fretting damage under relatively high loading conditions was recently acquired to generate data to validate some of these models that explicitly account for the role of microstructure. In this paper, our new tribometer system will be described. Then some results from a baseline study of Ti-6Al-4V on Ti-6Al-4V in point contact will be provided.
EXPERIMENTAL PROCEDURES
The fretting experiments were conducted on a newly acquired Phoenix Tribology DN55 High Temperature Sliding and Fretting Machine, shown in Fig. 2 . The fretting displacement is generated by a servohydraulic actuator. The normal force capacity is 4500 N. Normal force, displacement amplitude, temperature, and frequency can all be controlled as function of time. An environmental enclosure is currently under development for conducting experiments in inert or other gaseous environments, from room temperature to 800°C.
The moving specimen carrier is designed to hold a ball, roller, or pin (denoted as rider specimen in Fig. 2 ) in point, line, or area contact. The stationary specimens are fixed to two forks and loaded against either side of the rider specimen. Each fork reacts against its own independent piezo-force transducer, thus allowing the friction between the rider specimen and each stationary specimen to be monitored independently.
Stationary specimens were fabricated from Ti-6Al-4V with a duplex microstructure consisting of 60 vol% equiaxed primary alpha phase and 40 vol% secondary alpha and beta lamellar phase. The ultimate tensile strength is 978 MPa and yield strength is 930 MPa. Specimens were sectioned from a plate by EDM. Surfaces were ground and polished. In the final step colloidal silica of size 0.04 µm was used.
The rider specimen was also Ti-6Al-4V. The ball, obtained from Salem Ball Co., was 20 mm diameter, grade 200, corresponding to maximum surface roughness of 0.2 µm.
In this study, the effect of the displacement amplitude on fretting damage is investigated with the following fixed parameters: 10 mm radius sphere-on-flat contact, normal force of 300 N (about 0.8 of the force for subsurface yield base on von Mises criterion), cyclic frequency of 10 Hz, and room temperature laboratory atmosphere. Tests shown here were stopped at 10 4 cycles for post-test characterization. 
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RESULTS
After 10 4 cycles the transition from partial slip to gross slip occurs at a displacement amplitude of 64±5 µm, shown in Fig.  3 . The friction force-displacement hysteresis loops at 10 4 cycles from the three running condition regimes are shown in Fig. 4 . As fretting damage accumulates under this dry fretting loading condition, it is not unusual to record values of friction coefficients greater than 1.5.
At lower amplitudes the fretting scar shows a wear annulus on the outer edge, as seen in Fig. 5 , indicative of partial slip. A scar generated in the mixed fretting regime is shown in Fig. 6 . In this case an outer ring can still be seen, though it is not as distinct as in the case of partial slip due to the damage that developed in the center stick area during gross slip in the early cycles. Fretting scars in the gross slip regime do not exhibit a stick area in the center. Fig. 7 shows a typical crack that was found in subsurface sections at displacement amplitudes between 60 µm and 65 µm. These amplitudes correspond to the transition from partial to gross slip. The mouth of the cracks are typically wide, indicative of the large plastic ratchet strains in the surface layer [3] . As the crack grows away from the fretting contact field layer, the microstructure controls crack path. Here the crack grew between the interface between a primary alpha and secondary alpha-beta lamellar grain. The crack arrested in a lamellar grain. These results are consistent with recent fretting simulations indicating that the greatest plastic strain accumulation is near the interfaces between the different grains [4] .
Under these relatively severe fretting conditions, diamondlike carbon (DLC) coatings have little benefit on either the running condition or material response. The coating appears to quickly wear off in the initial cycles. The running condition for the DLC coated specimen was essentially the same as the uncoated specimens. The fretting scars also had similar characteristics.
Further characterization including EDS to determine chemical composition of the surface layers, and orientation imaging microscopy (OIM) to determine the changes in crystallographic orientation and texture will also be presented. 
